P ostherpetic neuralgia (PHN) is defined as the persistence of pain for 3 or more months after the resolution of acute herpes zoster. [1] [2] [3] Gabapentin has been shown to effectively reduce pain resulting from PHN and is considered a first-line treatment. 4 However, potential benefits from treatment with gabapentin may be limited by its intrinsic properties, including a short half-life of 5 to 7 hours 5 and its uptake by a saturable uptake transporter, 6, 7 which together require immediate-release gabapentin to be taken at least 3 times per day.
Application of a novel gastroretentive technology to gabapentin to improve its pharmacokinetics led to a formulation that can be administered once daily. 8 The efficacy and safety of gastroretentive gabapentin (G-GR) was established in 2 double-blind, placebo-controlled, multicenter phase 3 clinical studies comparing G-GR 1800 mg with placebo. 9, 10 Integrated analyses of these studies demonstrated that compared with placebo, G-GR significantly reduced the average pain score as early as day 2, that pain scores continued to decrease over time, and that pain scores remained significantly lower for G-GR than for placebo through the end of the treatment (week 10). 11 Compared with placebo, more patients treated with G-GR also reported feeling "much" or "very much" improved on the Patient Global Impression of Change (PGIC) and Clinical Global Impression of Change (CGIC) instruments. The most common adverse events (AEs) observed for G-GR-treated patients were dizziness (10.9%), somnolence (4.5%), and headache (4.2%). 11, 12 These rates of dizziness and somnolence were lower than what was observed in similar clinical studies with immediate-release gabapentin (dizziness, 28.0%; somnolence, 21.4%). 13 In the G-GR clinical studies, 6 .9% of patients in the placebo arm and 9.7% of patients in the G-GR arm discontinued study treatment due to AEs, most commonly because of dizziness. 14 Clinical trials do not always accurately reflect the efficacy and safety of a drug in real-world clinical practice. This phase 4 open-label study was conducted to assess the safety and effectiveness of once-daily G-GR in a relatively unselected group of patients with PHN in real-world use.
MATERIALS AND METHODS

Study Design
Patients from 37 investigational sites in the United States participated in this open-label, single-arm, clinical trial, which was conducted from September 2011 to March 2012. Enrolled patients were divided into 2 cohortspatients aged 70 years and below and patients above 70 years. The study period included a 2-week titration to 1800 mg G-GR once daily per the approved prescribing information, followed by a 6-week dosage maintenance period, for a total treatment period of 8 weeks. At the end of the study, or early termination, patients underwent a 1-week dose tapering. The study protocol was approved by the appropriate institutional review boards/ethics committees for each center and was conducted in accordance with International Conference on Harmonization Good Clinical Practice guidelines. Written informed consent was obtained from each patient before enrollment.
Patient Selection and Methods
To best reflect the real-world population of patients with PHN, patients were relatively unselected. Adult males or females aged 18 years and above with active PHN were eligible to enroll in this study, regardless of their baseline pain scores. Pregnant women or nursing mothers, patients with hypersensitivity to gabapentin, and patients who had an estimated creatinine clearance of <30 mL/min (as calculated by the Cockroft-Gault Method), or were on hemodialysis were excluded. There were no restrictions on the use of prior medications (including gabapentin and pregabalin). Use of concomitant neuropathic pain medication was permitted and documented through completion of the last study visit (week 8 for patients who continued G-GR therapy or week 9 for patients who underwent dose tapering).
There were 3 office visits during the study: (1) at baseline/dosing, (2) at the end of week 2, and (3) at the end of week 8 (or early termination). There was a follow-up phone call at the end of G-GR dosage tapering. At each office visit, patients completed (1) a visual analog scale (VAS) to estimate their pain intensity during the previous 24 hours and (2) the Brief Pain Inventory (BPI). The PGIC and the investigator-rated CGIC were completed at week 8 (or early termination) visit. A physical examination was performed at the baseline visit. Vital signs and weight were recorded at the baseline and week 8 (or early termination) visits. AEs and the use of concomitant neuropathic pain medications were assessed at each study visit and at the posttapering phone call. The duration of PHN was defined as the number of months between the PHN start date and the date of informed consent.
Treatments
During the 2-week titration period, dosages were increased to 1800 mg/d using the approved dosing schedule (day 1, 300 mg; day 2, 600 mg; days 3 to 6, 900 mg; days 7 to 10, 1200 mg; days 11 to 14, 1500 mg, day 15, 1800 mg). Doses were taken with the evening meal. No dosing adjustments were permitted. Patients continued on a stable dosage of 1800 mg/d for an additional 6 weeks, followed by a 1-week dose taper.
Endpoints
The primary efficacy endpoint was the change in VAS score from baseline to the end of the study (week 8 or early termination) for the efficacy population. Secondary efficacy variables included percent change in the VAS score baseline to week 2 and week 8 (or early termination), the proportion of patients with Z30% reduction from baseline in VAS score at week 2 and week 8, the proportion of responders with Z50% reduction from baseline in VAS score at week 2 and week 8, the proportion of responders with Z20 mm reduction from baseline in VAS score at week 2 and week 8, the mean change from baseline to week 8 (or early termination) in BPI interference scores, and the proportion of patients who were "much" or "very much" improved on the PGIC and CGIC instruments at week 8 (or early termination).
Statistical Methods
The efficacy population included all patients who received Z1 dose of study drug, completed the VAS at baseline, and completed Z1 postbaseline VAS. The null hypothesis that the change in VAS scores from baseline to week 8 or early termination equaled 0 was tested at 2-tailed a = 0.05 by using a paired t test. Descriptive statistics and Clopper-Pearson exact 95% confidence intervals were calculated for the mean change from baseline. Last observation carried forward (LOCF) methodology was used to impute missing data. For BPI, the average of the 7 interference scores (general activity, mood, walking ability, normal work, relationship, sleep, and enjoyment of life) was calculated, and if any of the interference scores were missing, was used to impute the missing score(s) before computing the average. Data for patients with BPI interference scores of 0 at baseline were not included in the change calculations. If an observation from a scheduled visit was missing, the value for that visit was set to missing. In the case of multiple observations at a specific visit, the observation closest to the target visit was used in the analyses. If observations had the same distance (before and after) from the target visit, data from the later observation were used. If repeated measurements were taken on the same day, the last measurement was used. All endpoint analyses were performed for the subgroups of patients aged 70 years and below and those above 70 years.
The safety population included all patients who received Z1 dose of study drug. AEs were reported at the week 2 and week 8 clinic visits and during the posttapering phone visit. The incidence of AEs was summarized by type, severity, and relation to study drug. Safety variables included comparison of the incidence and severity of AEs reported during treatment with G-GR, the use of concomitant neuropathic pain medications, and the number of patients who prematurely discontinued G-GR treatment. All AEs were linked to system organ class (SOC) and preferred term (PT) using Medical Dictionary for Regulatory Activities (MedDRA), version 14.0. Patients were counted under multiple SOCs and PTs, but for each SOC and PT, a patient was counted once. If a patient had the same AE on multiple occasions, the highest severity or relationship recorded for the event was presented. If the severity of an AE was missing in the database, it was programmed to be severe. If the relationship was missing, the AE was considered as definitely related.
RESULTS
A total of 201 patients enrolled in the study. The efficacy population included 190 patients and the safety population included 197 patients (Table 1) . One hundred ninety-seven (98.0%) patients were dosed: 38 (18.9%) patients discontinued before the end of the 2-week titration period and 139 (69.2%) patients completed 8 weeks of treatment. The most common reasons for study discontinuation included AEs (18.4%) and withdrawal of consent (7.5%) ( Table 1) . A total of 35 (17.8%) patients had one or more protocol deviations. The most common deviations were being out of the study-visit window (9.6%), dosing errors (3.0%), and dosing noncompliance (3.0%).
The mean age (SD) of patients in the efficacy population was 67.4 (12.8) years (range, 18 to 92). The majority of patients were white (84.3%) and 92.4% had a baseline VAS score of >20 mm (Table 2) . A total of 84 (42.6%) patients were taking a concomitant neuropathic pain medication at baseline, primarily opioids (28.9%) and anticonvulsants (13.2%).The majority (96.8%) of patients did not change concomitant pain medications during the course of the study. Four (2.1%) patients who were taking no medication at baseline added medication for Z7 days postbaseline, and 2 (1.1%) patients who were taking a neuropathic pain medication at baseline stopped taking one for Z7 days postbaseline. Adherence to the treatment regimen was high-89.8% of patients completed the 2-week titration period without missing a dose and 67.2% of patients missed no doses throughout the study.
Efficacy
For the primary efficacy endpoint of change in VAS score, the mean change from baseline to week 2 in VAS score was 16.0 mm with a mean percent change from baseline of 26.5%; both were statistically significant (P < 0.0001; Table 3 ). The mean change in VAS score from baseline to week 8 of 20.9 mm with a mean percent change of 30.6% were also both statistically significant (P < 0.0001). Mean percent changes in VAS score at weeks 2 and 8 were similar for patients regardless of age (70 y and below vs. above 70 y): week 2: 28.6% versus 23.6%; week 8: 29.3% versus 32.4% (Table 3) . Nearly half (45.8%) of all the patients had a Z30% reduction in VAS score from baseline to week 2, and 53.2% had Z30% reduction in VAS score at week 8 (Fig. 1) . The proportion of patients who had a Z50% reduction in VAS score from baseline was 33.2% at week 2 and 40.5% at week 8, and 37.4% of patients had a reduction in VAS score from baseline of Z20 mm at week 2, which increased to 51.1% by week 8. Analysis of VAS responders at week 8 by age revealed very similar changes in VAS scores from baseline for the 2 age subgroups (70 y and below vs. above 70 y): 51.8% versus 55.0% had a Z30% reduction; 42.7% versus 37.5% had a Z50% reduction; and 47.3% versus 56.3% had a reduction of Z20 mm (Fig. 1) .
The secondary efficacy analyses included the BPI, which measures changes in a patient's perceived pain (worst pain, least pain, and average pain) and the degree to which pain interferes with their life and activities. The 7 types of interference evaluated by the BPI include general activity, mood, walking ability, normal work, relationship, sleep, and enjoyment of life. In addition, an average of the 7 interference scores was calculated. Patients reported reductions in interference scores at week 2, which continued to decrease until the end of the study (week 8). At week 8, the mean change from baseline in the worst (À2.0), least (À1.0), and average (À 1.5) pain scores in the last 24 hours were statistically significant at P < 0.0001 ( Fig. 2A) . Mean changes in the worst, least, and average pain were similar between age subgroups. Decreases in all 7 types of pain interference were also statistically significant at Pr0.0001. However, compared with patients in the above 70-year subgroup, patients in the 70-year and below subgroup reported slightly greater reductions in the individual BPI interference scores (Fig. 2B) . The use of concomitant pain medications did not significantly affect pain scores as assessed by the VAS or the BPI, nor were there any differences in the individual BPI interference scores.
According to the PGIC instrument, the proportion of all patients who reported feeling "much" or "very much" improved relative to baseline at week 8 was 51.1% (Fig. 3) . The CGIC instrument reported a similar proportion of improved patients (53.3%). A higher proportion of younger patients reported feeling "much" or "very much" improved on both instruments compared with patients in the older subgroup (70 y and below vs. above 70 y): PGIC: 59.0% versus 40.3%; CGIC: 61.9% versus 41.6% (Fig. 3) . PGIC 
Safety Results
A total of 100 (50.8%) patients in the study experienced an AE and 32% of patients experienced at least 1 G-GRrelated AE (Table 4 ). The G-GR-related AEs experienced by Z3% of patients were nervous system and gastrointestinal disorders. For the total population, these included dizziness (13.7%), somnolence (5.6%), nausea (3.6%), headache (3.6%), and diarrhea (2.6%) (Fig. 4) . The prevalence of these AEs decreased rapidly, and by the end of the titration period had reached sustained levels under 2% (Fig. 5) .
A total of 37 (18.8%) patients experienced AEs that led to study discontinuation (Table 4) , most frequently dizziness (6.1%) and somnolence (4.1%). No patient died during the study and 5 (2.5%) patients experienced serious AEs (SAEs). The 5 SAEs, each experienced by 1 patient, included coronary artery disease, duodenal ulcer, gout, pneumonia, hematuria, and confusional state. The patients with the SAEs of moderate pneumonia, severe hematuria, severe confusional state discontinued the study. Only 1 SAE (confusional state) was judged by the investigator to be treatment related. No severe AE was reported by more than 1 patient in the study with the exception of dizziness, which occurred in 3 (1.5%) patients. There were no clinically relevant trends in the change from baseline for the vital sign measurements. The percentage of patients experiencing Z1 AE was nearly identical for younger and older patients-50.5% for patients 70 years and below and 51.2% for patients above 70 years ( Table 4 ). The incidence of most AEs occurring in Z3% of patients was higher in older patients (above 70 vs. 70 y and below)-dizziness (16.3% vs. 11.7%), somnolence (8.1% vs. 3.6%), nausea (4.7% vs. 2.7%), and diarrhea (4.7% vs. 0.9%; Fig. 4 ). Only headache was experienced more frequently by younger patients (2.7% vs. 0%). More patients above 70 years discontinued from the study due to AEs compared with patients 70 years and below (24.4% vs. 14.4%; Table 4 ). AE rates were only slightly higher in patients using concomitant therapies compared with those taking none (54.8% vs. 47.8%), even when the concomitant medications included opioids (opioids, 56.1% vs. nonopioids, 51.9%).
DISCUSSION
In this open-label study designed to approximate realworld clinical treatment of patients with PHN, G-GR provided a statistically significant reduction in pain by all measures. As measured by the change from baseline in the VAS score, the reductions in pain were statistically significant at week 2 and decreased further by week 8. The proportion of patients who had a Z30% or Z50% reductions in the VAS score also increased from week 2 to week 8, and the reductions were similar in magnitude to those observed at week 10 in the phase 3 clinical trials. 11 Although the ability of G-GR to reduce pain was similar for patients in the 2 age subgroups (above 70 vs. 70 y and below), considerably fewer older patients reported feeling "much" or "very much" improved on the PGIC (40% vs. 59%). Also, as assessed by the BPI interference scores, pain appeared to interfere more with the lives of the older patients. These observations are consistent with the results of studies of pain in the elderly, who compared with younger patients, tend to be less tolerant of pain and may be less responsive to treatment. 15 To mimic the real-world clinical management of PHN, a condition for which polypharmacy is common, this study permitted the usage of concomitant prescription and/or over-the-counter neuropathic pain medications. Nearly half of the patient population (42.6%) was taking a concomitant pain medication at baseline, with opioids (28.9%) and anticonvulsants (13.2%) used most frequently. However, as measured by the VAS, BPI, CGIC, and PGIC instruments reductions in pain or the effect of pain on quality of life, were similar regardless of whether patients used any concomitant medication, suggesting that G-GR alone provided sufficient pain relief. This conclusion is supported by the observation that only 2.1% of patients added any pain medication during the study.
The overall percent of patients experiencing any AE was very similar between this study and the previous phase 3 studies (51% vs. 54%), as were the profiles of the most common AEs, dizziness and somnolence. 11, 12 In this study, dizziness was reported for 13.7% of patients compared with 10.9% in the 2 phase 3 studies. Somnolence was reported for 5.6% compared with 4.5% in the phase 3 studies. 11, 12 These AE rates were considerably lower than those reported with immediate-release gabapentin, where dizziness was reported in 24% to 33% of patients and somnolence in 17% to 27%. 2, 3 This is especially notable because unlike previous studies of gabapentin in PHN, 2, 3, 9, 10, 16 patients with known intolerance to gabapentin or pregabalin were not excluded. Moreover, AEs occurred primarily during the titration period and subsided rapidly thereafter to sustained low levels.
Neither patient age nor use of concomitant medication appeared to significantly affect G-GR tolerability. The overall percentage of patients 70 years and below and above 70 years experiencing an AE in the current study (51% for each group) was similar to the rates observed in the phase 3 studies (58% for patients below 65 y and 52% for patients 65 y and above). Although, older patients (above 70 y) in this study experienced slightly more dizziness, somnolence, nausea, and diarrhea, and were more likely to discontinue because of AEs than in the phase 3 studies, 12 this was likely due to differences in the study design. In its quest to best approximate realworld usage, this study permitted entry of patients previously unable to tolerate gabapentin or pregabalin and the use of concomitant medications was permitted. Both of these factors could affect tolerability in older, potentially frailer patients. The slight difference in the boundaries of the age subgroups between the current study and that used in the phase 3 studies (70 vs. 65 y) could also affect the comparison as patients in the above 70-year subgroup were older on an average and therefore potentially more susceptible to certain AEs. However, the use of concomitant medication did not seem to affect AE rates, even when those medications included opioids. Furthermore, although nearly half of the patients used concomitant medication(s) throughout the study, and higher numbers of doses per day has been linked to lower adherence to treatment regimens, 17 the adherence in this study remained high, suggesting that once-daily dosing may facilitate treatment adherence. Sleep disturbance, a common problem among patients with PHN, 18, 19 can complicate disease management. Two primary factors seem to contribute to PHN-associated sleep disturbance. First, the intensity of pain associated with PHN tends to be lowest in the morning, increasing throughout the day, and most severe at night. 20 Second, patients who get less sleep or whose sleep quality is poor tend to be less tolerant of pain during the day. 21, 22 On the basis of the results from the BPI interference subscale sleep question), patients taking G-GR experienced a 37.5% reduction in sleep interference. This positive effect on sleep may result from a dosing schedule that yields peak steadystate gabapentin levels for approximately 6 to 12 hours after dosing, 23,24 a time when most patients are in bed for the night. Improved sleep, and perhaps an increased ability to tolerate pain, 22 may contribute in part to the increased proportion of patients who reported feeling "much" or "very much" improved on the PGIC after taking G-GR compared with placebo. However, at the end of study, the improvement in sleep over baseline was more pronounced in the subgroup of older patients-55.3% of patients in the above 70-year subgroup experienced decreased sleep interference compared with 26.7% of patients in the 70-year and below subgroup (P < 0.0001). In contrast, the greatest improvement as measured by the PGIC was in the younger patients-59.0% reported feeling "much" or "very much" improved compared with 40.3% of patients above 70 years. This disparity suggests that for younger patients who are generally move active, improved sleep is less important to their overall sense of improvement, or alternatively, that younger patients require a greater reduction in sleep interference to enhance their overall sense of improvement.
Although the lack of a control arm in this study might be considered a weakness, this phase 4 study was specifically designed to mimic real-world, clinical practice and enrolled all patients with a diagnosis of PHN. There were no restrictions on the use of concomitant medication or exclusion of patients based on poor previous experience (efficacy or tolerability) with gabapentin or pregabalin and thus no enrichment for patients able to tolerate G-GR or more likely to respond to G-GR treatment. Taken together, these factors should rather be considered strengths of the study.
In summary, although there were some differences in treatment response by age, patients in both age subgroups responded significantly to G-GR treatment, and both efficacy and tolerability were very similar to that observed in the phase 3 studies. Interestingly, older patients reported a greater improvement in sleep, whereas more younger patients reported feeling "much" or "very much" improved. Taken together, it seems that in a real-world clinical setting, once-daily G-GR reduced pain intensity, improved patients' quality of life, improved sleep, and was well tolerated. In the future, we will report on an analysis of realworld G-GR use from a large health care database.
